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(54) Pressure-energized sealing rings 

(57) A pressure-energized sealing ring (10) having a bight 
portion 02), a first leg portion (14) and a second teg 
portion (16) for providing a fluid-tight seal between a pair 
of components. The first and second leg portions include 
a curved section (42, 52) having first and second sealing 
surfaces (46, 56). The sealing surfaces are spaced from the 
free ends of the leg portion. The free ends (44, 54) of the 
leg portions are positioned between the bight portion and 
the sealing surfaces so that the ends of the seal are 
located in the area of low pressure. Accordingly, when 
sealing ring is a multi-ply seal, the free ends of the seal are 
positioned in the low pressure area so that the high 
pressure does not separate the seal. The curved sections 
of the leg portions and the curve of the bight portion 
securely couple the plies together without welding. 
Preferably, the plies are connected together and in 
intimate contact at their interfaces therebetween. In some 
mbodiments, the leg portions include planar or crowned 
sections so that the sealing surfaces are faced farther from 
the bight portions to lower the contact force and stress 
level in the bight portion. In other embodiments, the bight 
portion has at least one convolution. Still in other 
embodiments, the sealing ring is arranged for an 
externally pressurized-type application. 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
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EEESSUBEdESSIBfilZEB SEALING RINGS 

Field of the Invention 

The invention relates to fluid-tight sealing rings which are pressure-energized for 
confining fluid at high temperatures and pressures. More specifically, this invention 
relates to single ply and multi-ply sealing rings with improved sealing contact and lower 
localized stress. 
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Background of the Invention 

Resilient, metallic sealing rings are currently 
utilized in a wide variety of applications due to their 
ability to repeatedly accommodate large variations in 
lengths due to thermal expansions and contractions of 
assemblies surrounding them and/or engaging them in 
sealing contact- For example, in the hot sections of an 
aircraft gas turbine engine, a seal must be created 
between components that are at variable distances from 
one another , depending upon the sum of manufacturing 
tolerances on several components in the assembly and on 
relative thermal expansion during operation of the 
engine. The seal must be capable of conforming to out- 
of-flat flanges or surfaces to provide low leakage. 

Accordingly, numerous types and shapes of seals have 
been employed to prevent fluid from escaping from a joint 
in ducting systems or other components. Joints in the 
fluid path or in components having high pressures often 
use pressure -energized seals or sealing rings between 
their joints or components. These sealing rings are 
resilient due to their material and their geometric 
design so that the sealing ring fills the gap between the 
adjacent members. The desired result is that the sealing 
ring will firmly abut both members at all points along 
the seal so that the gap is completely blocked by the 
sealing ring. 

There are currently many types of sealing rings, 
including C-shaped sealing rings, V-shaped sealing rings, 
multiple convolution- type sealing rings, etc. Examples 
of convolution- type sealing rings which are particularly 
well suited for applications described above, include 
U.S. Patent Nos. 3,797,836 and 4,121,843 to Hailing. 
Sealing rings described therein have a single -ply 
construction. 
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Multi-ply seals also have been developed for certain 
situations in which a single ply seal is unsuitable. One 
example of a multiple ply seal is found in U.S. Patent 
No. 3,012,302 to Waite. The Waite patent discloses a 
sealing ring having three separate elements nested 
together to form a three-ply structure. The opposite 
free ends of the three plies are formed to extend axially 
so that the sealing line passes through the free ends. 
Since the free ends are not connected to each other, high 
pressure fluid may enter the interstitial spaces between 
the ply. This could result in a high air pressure - 
induced stress in the outer ply. This stress would be 
doubled, for example, in the case of a two-ply sealing 
ring. 

Accordingly, multi-ply sealing rings have been 
developed with the ends of the plies welded together 
along an annular weld zone so that fluid does not enter 
between the plies. Such multi-ply sealing rings are 
disclosed in U.S. Patent No. 5,249,814 to Hailing. 
However, sealing rings such as those disclosed in the 
Hailing patent provide exceptional performance. However, 
they are often more costly to manufacture. 

Other examples of prior sealing rings are disclosed 
in U.S. Patent Nos. 2,263,756 to Bowers; 3,272,521 to 
McNenny; 3,595,588 to Rode; 4,218,067 to Hailing; 
4,361,335 to vinciguerra; 4,477,086 to Feder et al; and 
4,759,555 to Hailing. 

Accordingly, in view of the above, it is apparent 
that there exists a need for a sealing ring which 
provides superior performance at lower manufacturing 
costs, that maintains current standards for leakage 
control while accommodating greater flange distortion 
than prior ring seals, and multi-ply seals that eliminate 
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circumferential edge welding requirements between the 
plies . 

This invention addresses these needs in the art, 
along with other needs, which will become apparent to 
those skilled in the art once given this disclosure. 

summary o f the invention 

Accordingly, an object of the present invention xs 

to provide a sealing ring having superior performance at 

lower manufacturing costs. 

Another object of the present invention is to 

provide a sealing ring with lower stress levels. 

Another object of the present invention is to 

provide a multi-ply sealing ring which does not require 

circumferential edge welding between plies. 

Another object of the present invention is to 

provide a sealing ring having increased deflection 

capabilities to accommodate the larger circular thermal 

expansion movements occurring in modem turbine engines 

without loss of resiliency due to stress relaxation or 

failure due to fatigue. 

The foregoing objects are basically attained by 

providing a pressure -energized sealing ring, comprising: 

an annular bight portion having a first substantially 
smooth surface adapted to be in fluid contact with a 
first high pressure fluid, and a second surface adapted 
to be in fluid contact with a second low pressure fluid 
of a lower pressure than the first fluid; a first annular 
leg portion extending from one end of the bight portxon 
to a first free end thereof, and having a first 
substantially smooth surface extending coextensively from 
the first surface of the bight portion to the first free 
of the first leg portion, and a second surface extending 
from the second surface of the bight portion to the first 
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free end of the first M portion, the first leg portxon 
having a curved section forming a first annular sealxng 
Surface on the first surfaoe of the first le, portxon 
with the first free end at the first le, portxon bexn, xn 
fluid contaot with the second low pressure fluid, and a 
second annular le, portion extendin, from the other of 
Che biaht portion to a second free end thereof, and 
havin, a first substantially smooth surface extendxn, 
coextensively from said first surface of the 
portion to the second free end of the second le, portion 
and a second surface extendin, from the second surface of 
t he bi,ht portion to the second free end of the second 
le, portion, the second le, portion havin, a second 
curved section formin, a second annular sealxn, surfaoe 
on the second surface of the second le, portxon wxth the 
second free end of the second le, portxon bexn, xn fluxd 
contact with the second low pressure fluid. 

The fore,oin, objects are also basically ««xned by 
providing a pressure-ener,ised sealin, ring, comprxsxn,. 
an inner annular ply having an inner bight portxon a 
first inner leg portion extendin, from one end of the 
bi,ht portion to a first free end thereof, and a second 
inner le, portion extendin, from the inner end of the 
inner bi,ht portion to a second free end thereof, the 
first and second inner leg portions having fxrst and 
second bent sections with first and second *™ lar 
sealing surfaces, respectively; and an outer annular ply 
overlying and nested with the inner annular ply. and 
having an outer bight portion, a first outer le, portxon 
extendin, from one end of the outer bight portxon to a 
third free end thereof, and a second °«ter leg portion 
extending from the other end of the outer ^'htportxon 
to a fourth free end thereof, the first and second outer 
le , portions havin, first and second bent sections xn 
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intimate contact with the first and second bent sections 
of the inner leg portions to securely couple the inner 
and outer annular plies together, the first, second, 
third and fourth free ends being positioned between the 
annular bight portions and the annular sealing surfaces 
so that the free ends are exposed to a low pressure fluid 
engaging the outer ply. 

In some embodiments, a single ply is utilized, while 
in other embodiments a multi-ply is utilized. Also, in 
some embodiments, each of the annular leg portions has a 
planar section and a curved section, while in other 
embodiments the planar section has been eliminated. 

Also, in accordance with the present invention, the 
bight portion can either be a single curved section or 
have multiple convolutions. Moreover, the profile, i.e., 
the cross -sectional profile, of the sealing rings may be 
reversed to form an externally pressure -energized seal 
which prevents high pressure fluid from moving axially 
inwardly towards the center of the sealing ring. 

Brief Description of the Drawings 

Referring now to the drawings which form a part of 
this original disclosure: 

Figure 1 is a side elevational view of a two-ply 
sealing ring in accordance with a first embodiment of the 
present invention; 

Figure 2 is an enlarged partial, longitudinal cross - 
sectional view of the sealing ring illustrated in Figure 
1 installed in a joint between a pair of pipes; 

Figure 3 is an enlarged partial, longitudinal cross - 
sectional view of the sealing ring illustrated in Figure 
1 taken along section line 3-3; 
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Figure 4 is a partial longitudinal cross -sectional 
view of a single ply sealing ring in accordance with a 
second embodiment of the present invention; 

Figure 5 is a partial longitudinal cross -sectional 
view of a modified two-ply sealing ring in accordance 
with a third embodiment of the present invention 
installed in an engine casing; 

Figure 6 is a partial longitudinal cross -sectional 
view of a two-ply, convolution type sealing rang xn 
accordance with a fourth embodiment of the present 

invention ; n 
Figure 7 is a partial longitudinal cross -sectional 

view of a two-ply sealing ring with the crowned leg 
portions in accordance with a fifth embodiment of the 

present invention; t , n . 

Figure 8 is a partial longitudinal cross -sectional 
view of a two-ply sealing ring in accordance with a sixth 
embodiment of the present invention; 

Figure 9 is a partial longitudinal cross -sectional 
view of a single ply sealing ring in accordance with a 
seventh embodiment of the present invention; and 

Figure 10 is a partial longitudinal cross -sectional 
view of a two-ply, convolutions type sealing ring in 
accordance with an eighth embodiment of the present 
invention. 

not-ailed pp crrintion nf the Drawings 

Referring initially to Figures 1-3, an internally 
pressure-energised sealing ring 10 in accordance with a 
first embodiment of the present invention is illustrated. 
Sealing ring 10 includes an annular bight portion 12. a 
first annular leg portion 14 extending from one end of 
bight portion 12. and a second annular leg portion 16 
extending from the other end of bight portion 12. 
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In this embodiment, sealing ring 10 is constructed 
of two plies or annular members 20 and 22 made of a 
resilient, metallic material. Each ply is preferably 
approximately 0.005 inch thick. Of course, any suitable 
thickness from a manufacturing or contact load standpoint 
can be utilized. The metallic material of plies 20 and 
22 can be constructed as any high, temperature resilient 
material such as an INCONEL, WASPALLOY or any high 
temperature stainless steel, as well as any newly 
developed high temperature, resilient material. 

First ply 20 is an outer ply which overlies second 
ply 22 which is an inner ply. Outer ply 20 is nested 
together with inner ply 22 so that their opposing 
surfaces are in intimate contact at their interfaces 
therebetween. Outer ply 20 is in fluid contact with a 
low pressure fluid. inner ply 22, on the other hand, is 
in fluid contact with a high pressure fluid for pressure - 
energizing sealing ring 10. inner ply 22 has a first or 
interior surface 24 which is subjected to the high 
pressure fluid for pressure -energizing sealing ring 10. 
while outer ply 20 has a second or exterior surface 26 
which is subjected to the low pressure fluid. Thus, 
sealing ring 10 is an internally pressurized seal, i.e., 
the high pressure fluid being sealed exerts a radially 
outwardly extending force on sealing ring 10. 

Bight portion 12 is shaped as a partial circle when 
viewed in longitudinal cross -section as seen in Figures 2 
and 3. Bight portion 12 extends through an arc of at 
least approximately 180° and preferably in the range of 
approximately 190° to approximately 220°. For example, 
the bight portion can extend through an arc of 
approximately 212.66°. Bight portion 12 is designed so 
that it does not engage pipe flanges 30 and 32 as seen in 
Figure 2. Accordingly, bight portion 12 is free to 
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deflect inwardly to lower any localized stress within 
bight portion 12. in other words, the stress in bight 
portion 12 is more uniformly distributed since bight 
portion 12 does not contact pipe flanges 30 or 32. 
Moreover, since bight portion 12 is a substantially 
smooth arc, there is no single bending point with high 
localized stress as in a V-type sealing ring or in the 
tight radius bends of some prior seals. 

Leg portions 14 and 16 are substantially identical, 
except that leg portion 14 is a mirror image of leg 
portion 16. Leg portion 14 includes a substantially 
straight planar section 40 extending from one end of 
bight portion 12, and a curved section 42 extending from 
planar section 40 to a free end 44. Curved section 42 
includes a curved sealing surface 46 for contacting pipe 
flange 30 to form an annular fluid- tight seal 
therebetween. 

Likewise, second leg portion 16 includes a 
substantially straight planar section 50 extending from 
one end of bight portion 12, and a curved section 52 
extending from planar section 50 to a free end 54. 
Curved section 52 includes an annular sealing surface 56 
for engaging pipe flange 32 to form an annular fluid - 
tight seal therebetween. 

Preferably, planar sections 40 and 50 in their 
unstressed state converge towards each other slightly as 
they extend away from bight portion 12 to assist in 
maintaining plies 20 and 22 together, of course, in 
other embodiments of the invention (not illustrated) 
planar portions 40 and 50 could be formed such that in 
their unstressed state, planar portions 40 and 50 would 
be either parallel or diverging depending on the desired 
application. This would result in bight portion 12 
having a curvature of approximately 180° or less that 



10 



180° Also, planar portions 40 and 50 can be crowned 
inwardly as in one of the embodiments disclosed below. 
The interior surfaces of planar sections 40 and 50 are 
coextensive with the interior surface of bight portion 12 
to form a substantially smooth interior surface, as will 
be apparent to those skilled in the art from this 
disclosure, '.substantially smooth surface" as used herein 
is intended to include flat surfaces as well as curved 
surfaces which are free of any abrupt transitions, i.e.. 
sharp bends, and which appear to be visually smooth. In 
other words, a -substantially smooth surface- can include 
surfaces which appear rough under a magnifying 
instrument. 

Curved sections 42 and 52 extend through an arc of 
at least approximately 180° and preferably slightly larger 
than 180° so that curved sealing surfaces 46 and 56 fully 
engage pipe flanges 30 and 32. respectively, to form a 
pair of annular seals therebetween. The very ends of 
curved sections 42 and 52 can have a short planar section 
as seen in the drawings or can continue to be curved to 
the free ends 44 and 54. 

Outer ply 20 adds strength to sealing ring 10, but 
is not in fluid engagement with the high pressure fluid 
being constrained by sealing ring 10. Optionally, a 
plurality of cutouts such as slots 58 can be provided to 
provide additional flexibility along leg portions 14 and 
16 Slots 58 aid in constructing and installing sealing 
ring 10. Slots 58 are preferably evenly spaced about the 
circumference of sealing ring 10, and are positioned on 
both first and second leg portions 14 and 16 along planar 
sections 40 and 50 and curved sections 32 and 52. For 
example, in Figure 1. eight slots 58 are illustrated on 
each of the leg portions 14 and 16 with only leg portion 
14 being shown in Figure 1. 
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While in this embodiment, two plies 20 and 22 are 
illustrated in intimate surface contact at their 
interfaces therebetween , a layer of auto - dampening 
material may be disposed between the plies- Also, while 
the illustrated embodiment has only two plies, additional 
plies may be employed, or the two plies may be 
substituted for a single ply as discussed below. 
Moreover, plies 20 and 22 can be the same thickness as 
shown, or different thicknesses as needed and/or desired. 

In addition, plies 20 and 22 can be made of 
materials having either the same or different 
characteristics and/or compositions. For example, 
materials can be selected to provide desired expansion 
characteristics for a particular sealing application, the 
individual plies can be made of different materials to 
provide a sealing ring having greater corrosion 
resistance on one side and more desirable mechanical 
properties on the other side. 

Also, as will be apparent from the other embodiments 
disclosed herein, bight portion 12 can be made with 
multiple convolutions as will be discussed below and can 
be modified to be an externally pressurized type seal as 
discussed below. This embodiment can be coated with a 
layer of a smear plating of a soft metallic material such 
as nickel, lead, silver or any other suitable material as 
discussed below in one of the next embodiment* 

In a typical jet engine application of a multi-ply 
sealing ring, such as a pneumatic V- joint for aircraft 
ducting system, each ply is approximately 0-005 inch 
thick. However, there is no limit to either diameter of 
the ring or the thickness of the plies. Thickness will 
be determined by the operating and test pressures and 
temperatures. The thickness of each ply and the number 
of plies will also be determined by the amount of 
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deflection to be experienced in service due to 
installation tolerances and the thermal excursions of the 
components and assemblies to be sealed. Moreover, the 
cross -sectional configuration, including the number of 
convolutions for convolution type seals, will also be a 
determining of thickness. A typical single convolution 
seal, for example, will have an inner diameter of 
approximately 4.96 inches, and outer diameter of 5.24 
inches and two plies with each ply being approximately 
0.005 inch thick (± 0.001). 

The contact force between the components being 
sealed and sealing ring 10 as well as the stress level 
within sealing ring 10 can be varied as needed and/or 
desired by (1) changing the length of planar sections 40 
and 50 of leg portions 14 and 16, (2) varying the number 
of plies, (3) varying the thickness of the plies, and/or 
(4) varying other geometry of the sealing ring. In other 
words, by shortening the length of planar sections 40 and 
50, the contact force and the stress level within the 
bight portion will be increased. By increasing the 
number of plies, but maintaining the same overall 
thickness, the contact force and the stress level in the 
bight portion will be decreased as compared with a 
sealing ring of lower number of plies with the same 
overall thickness. For example, a single ply of 0.010 
inch thickness will have a higher contact force and a 
higher stress level in the bight portion than a two-ply 
seal with the same overall thickness wherein each ply of 
the two-ply seal is about 0.005 inch thick. 

Embodiment of Figure 4 

Referring now to Figure 4, a sealing ring 110 in 
accordance with a second embodiment of the present 
invention is illustrated. Sealing ring 110 is 
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substantially identical to sealing ring 10, except that 
the outer ply of sealing ring 10 has been eliminated and 
the thickness of its inner ply 122 has been doubled. 
Thus, sealing ring 110 is a single ply seal having the 
same thickness as sealing ring 10 of Figures 1-3. Since 
this embodiment is substantially identical to the first 
embodiment of Figures 1-3, this embodiment will not be 
discussed or illustrated in detail herein. 

Sealing ring 110 is an internally pressure* energized 
sealing ring, and includes an annular bight portion 112, 
a first annular leg portion 114 extending from one end of 
bight portion 112, and a second annular leg portion 116 
extending from the other end of bight portion 112. 

In this embodiment, sealing ring 110 is constructed 
of a single ply 122 made of a resilient, metallic 
material which is preferably approximately 0.010 inch 
thick. Of course, any suitable thickness from a 
manufacturing or contact load standpoint can be utilized. 
The metallic material of ply 122 can be constructed as 
any high, temperature resilient material such as an 
INCONEL, WASP ALLOY or any high temperature stainless 
steel, as well as any newly developed high temperature, 
resilient material. 

Ply 122 has a first or interior surface 124 which is 
subjected to the high pressure fluid for pressure* 
energizing sealing ring 110, and a second or exterior 
surface 126 which is subjected to the low pressure fluid. 
Thus, sealing ring 110 is an internally pressurized seal, 
i.e., the high pressure fluid being sealed exerts a 
radially outwardly extending force on sealing ring 110. 

Bight portion 112 is shaped as a partial circle when 
viewed in longitudinal cross -section as seen in Figure 4. 
Bight portion 112 extends through an arc of at least 
approximately 180° and preferably in the range of 
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approximately 190° to approximately 220° For example, the 
bight portion can extend through an arc of approximately 
212. 66° - Bight portion 112 is designed so that it does 
not engage the components being sealed. Accordingly, 
bight portion 112 is free to deflect inwardly to lower 
any localized stress within bight portion 112. In other 
words, the stress in bight portion 112 is more uniformly 
distributed since bight portion 112 does not contact the 
components being sealed. Moreover, since bight portion 
112 is a substantially smooth arc. there is no single 
bending point with high localized stress. 

Leg portions 114 and 116 are substantially 
identical, except that leg portion 114 is a mirror image 
of leg portion 116. Leg portion 114 includes a 
substantially straight planar section 140 extending from 
one end of bight portion 112, and a curved section 142 
extending from planar section 140 to a free end 144. 
Curved section 142 includes a curved sealing surface 146 
for contacting one of the components (not shown) being 
sealed to form an annular fluid- tight seal therebetween. 

Likewise, second leg portion 116 includes a 
substantially straight planar section 150 extending from 
one end of bight portion 112, and a curved section 152 
extending from planar section 150 to a free end 154. 
Curved section 152 includes an annular sealing surface 
156 for engaging the other of the components (not shown) 
being sealed to form an annular fluid- tight seal 
therebetween . 

Preferably, planar sections 140 and 150 in their 
unstressed state converge towards each other slightly as 
they extend away from bight portion 112. Of course, in 
other embodiments of the invention (not illustrated) 
planar portions 140 and 150 could be formed such that in 
their unstressed state, planar portions 140 and 150 would 



be either parallel or diverging depending on th desired 
application. This would result in bight portion 112 
having a curvature of approximately 180° or less than 
180°. Also, planar portions 140 and 150 can be crowned 
inwardly as in one of the embodiments disclosed below. 
The interior surfaces of planar sections 14 0 and 150 are 
coextensive with the interior surface of bight portion 
112 to form a substantially smooth interior surface. 

curved sections 142 and 152 extend through an arc of 
approximately 180" and preferably slightly larger than 
180° so that curved sealing surfaces 146 and 156 fully 
engage the components (not shown) being sealed to form a 
pair of annular seals therebetween. The very ends of 
curved sections 142 and 152 can have a short planar 
section as seen in the drawings or can continue to be 
curved to the free ends 144 and 154. 

in this embodiment, sealing ring 110 is preferably 
coated with a layer of a smearable plating (not shown) of 
a soft metallic material such as nickel, lead, silver or 
any other suitable material. The smearable plating is 
preferably applied over the entire surface of sealing 
ring 110 by bath plating. However, the smearable plating 
can be applied just to annular sealing surfaces 146 and 
156. The smearable plating is designed to deform or flow 
into any imperfections in the components (e.g. the pipe 
flanges or sealing gland surfaces) being sealed, when the 
sealing ring 110 is properly installed. 

Embodiment of F igure 5 

in Figure 5, a modified two-ply sealing ring 210 in 
accordance with a third embodiment of the present 
invention is illustrated installed in an engine casing 
260. Sealing ring 210 is substantially identical to 
sealing ring 10. except that sealing ring 210 has been 
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reversed so as to be an externally pressurized- type, 
rather than an internally pressurized- type. Thus, the 
inner ply 222 faces radially outwardly instead of 
radially inwardly. Since this sealing ring 210 is 
similar to sealing ring 10, sealing ring 210 will not be 
discussed or illustrated herein in detail. 

Sealing ring 210 includes an annular bight portion 
212, a first annular leg portion 214 extending from one 
end of bight portion 212, and a second annular leg 
portion 216 extending from the other end of bight portion 
212. Sealing ring 210 is illustrated in a cavity 262 of 
engine casing 260, which is defined between inner housing 
264 and outer housing 266. First leg portion 214 engages 
flange 268 of inner housing 264 and leg portion 216 
engages flange 270 of outer housing 266 to form a seal 
therebetween. A high pressure fluid is located in a 
channel 272 which exerts a high pressure force on the 
outside portion of sealing ring 210. 

Sealing ring 210 is constructed of two plies or 
annular members 220 and 222 made of a resilient, metallic 
material. Each ply is preferably approximately 0.005 
inch thick. Of course, any suitable thickness from a 
manufacturing or contact load standpoint can be utilized. 
The metallic material of plies 220 and 222 can be 
constructed as any high, temperature resilient material 
such as an INCONEL, WASPALLOY or any high temperature 
stainless steel, as well as any newly developed high 
temperature, resilient material. 

First ply 220 is an outer ply which overlies second 
ply 222 which is an inner ply. Outer ply 220 is nested 
together with inner ply 222 so that their opposing 
surfaces are in intimate contact at their interfaces 
therebetween. Outer ply 220 is in fluid contact with a 
low pressure fluid. Inner ply 222, on the other hand, is 
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in fluid contact with a high pressure fluid for pressure - 
energizing sealing ring 220- Inner ply 222 has a first 
or interior surface 224 which is subjected to the high 
pressure fluid for pressure -energizing sealing ring 210, 
while outer ply 220 has a second or exterior surface 226 
which is subjected to the low pressure fluid. Thus, 
sealing ring 210 is an internally pressurized seal, i.e., 
the high pressure fluid being sealed exerts a radially 
outwardly extending force on sealing ring 210. 

Bight portion 212 is shaped as a partial circle when 
viewed in longitudinal cross -section as seen in Figure 5. 
Bight portion 212 extends through an arc of at least 
approximately 180° and preferably in the range of 
approximately 190° to approximately 220°. For example, 
the bight portion can extend through an arc of 
approximately 212.66°. Bight portion 212 is designed so 
that it does not engage flanges 268 and 270 as seen in 
Figure 5. Accordingly, bight portion 212 is free to 
deflect inwardly to lower any localized stress within 
bight portion 212. In other words, the stress in bight 
portion 212 is more uniformly distributed since bight 
portion 212 does not contact pipe flanges 230 or 232. 
Moreover, since bight portion 212 is a substantially 
smooth arc, there is no single bending point with high 
localized stress. 

Leg portions 214 and 216 are substantially 
identical, except that leg portion 214 is a mirror image 
of leg portion 216. Leg portion 214 includes a 
substantially straight planar section 240 extending from 
one end of bight portion 212, and a curved section 242 
extending from planar section 240 to a free end 244. 
Curved section 242 includes a curved sealing surface 246 
for contacting flange 268 to form an annular fluid- tight 
seal therebetween. 
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Likewise , second leg portion 216 includes a 
substantially straight planar section 250 extending from 
one end of bight portion 212, and a curved section 252 
extending from planar section 250 to a free end 254. 
Curved section 252 includes an annular sealing surface 
256 for engaging flange 270 to form an annular fluid - 
tight seal therebetween. 

Preferably, planar sections 240 and 250 in their 
unstressed state converge slightly towards each other as 
they extend away from bight portion 212 to assist in 
maintaining plies 220 and 222 together. Of course, in 
other embodiments of the invention (not illustrated) 
planar portions 24 0 and 250 could be formed such that in 
their unstressed state, planar portions 240 and 250 would 
be either parallel or diverging depending on the desired 
application. This would result in bight portion 212 
having a curvature of approximately 180° or less that 
180°. Also, planar portions 240 and 250 can be crowned 
inwardly as in one of the embodiments disclosed below 
The interior surfaces of planar sections 240 and 250 are 
coextensive with the interior surface of bight portion 
212 to form a substantially smooth interior surface. 

Curved sections 242 and 252 extend through an arc of 
at least approximately 180° and preferably slightly larger 
than 180° so that curved sealing surfaces 246 and 256 
fully engage flanges 268 and 270, respectively, to form a 
pair of annular seals therebetween. The very ends of 
curved sections 242 and 252 can have a short planar 
section as seen in the drawings or can continue to be 
curved to the free ends 244 and 254 . 

Outer ply 220 adds strength to sealing ring 210, but 
is not in fluid engagement with the high pressure fluid 
being constrained by sealing ring 210. Since sealing 
ring 210 is illustrated as being used in an engine casing 
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sealing ring 210 is a large diameter sealing ring which 
does not usually need cutouts or slots in the portions of 
outer ply 220. However, a plurality of cutouts such as 
slots (not shown) can be provided to provide additional 
flexibility along leg portions 214 and 216, if needed. 

While in this embodiment, two plies 220 and 222 are 
illustrated in intimate surface contact at their 
interfaces therebetween, a layer of auto -dampening 
material may be disposed between the plies . Also, while 
the illustrated embodiment has only two plies, additional 
plies may be employed, or the two plies may be 
substituted for a single ply as discussed herein. 
Moreover, plies 220 and 222 can be the same thickness as 
shown, or different thicknesses as needed and/or desired. 
In addition, plies 220 and 222 can be made of materials 
having either the same or different characteristics 
and/or compositions. For example, materials may be 
selected to provide desired expansion characteristics for 
a particular sealing application, the individual plies 
may be made of different materials to provide a sealing 
ring having greater corrosion resistance on one side and 
more desirable mechanical properties on the other side. 

Also, as will be apparent from the other embodiments 
disclosed herein, bight portion 212 may be made of 
multiple convolutions as will be discussed below. This 
embodiment can be coated with a smearable plating of a 
soft metallic material such as nickel, lead, silver or 
any other suitable material, if needed. Although in this 
embodiment and most other multi-ply versions of the 
invention, the sealing ring would either be bare or a 
hard wear resistant coating such as TRIBALOY® would be 
applied thereto in a conventional manner such as by a 
spraying process. 
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The contact force between the components being 
sealed and sealing ring 210 as well as the str ss level 
within sealing ring 210 can be varied as needed and/or 
desired by (1) changing the length of planar sections 240 
and 250 of leg portions 214 and 216, (2) varying the 
number of plies, (3) varying the thickness of the plies, 
and/or (4) varying other geometry of the sealing ring. 
In other words, by shortening the length of planar 
sections 240 and 250, the contact force and the stress 
within the bight portion will be increased. By 
increasing the number of plies, but maintaining the same 
overall thickness, the contact force and the stress level 
in the bight portion will be decreased as compared with a 
sealing ring of lower number of plies with the same 
overall thickness. 

Embodiment of Figure 6 

Referring now to Figure 6, a two-ply convolution 
type sealing ring 310 in accordance with a fourth 
embodiment of the present invention is illustrated. 
Sealing ring 310 is substantially identical to sealing 
ring 10, except that bight portion 12 of sealing 10 has 
been modified so that bight portion 312 of sealing 310 
has a convolution. Thus, sealing ring 310 will not be 
discussed or illustrated in detail herein. 

Sealing ring 310 is an internally pressure-energized 
sealing ring, and includes an annular bight portion 312, 
a first annular leg portion 314 extending from one end of 
bight portion 312, and a second annular leg portion 316 
extending from the other end of bight portion 312. 

In this embodiment, sealing ring 310 is constructed 
of two plies or annular members 320 and 322 made of a 
resilient, metallic material. Each ply is preferably 
approximately 0.005 inch thick. Of course, any suitable 



21 



thickness from a manufacturing or contact load standpoint 
can be utilized. The metallic material of plies 320 and 
322 can be constructed as any high, temperature resilient 
material such as an INCONEL. waspaixoy or any high 
temperature stainless steel, as well as any newly 
developed high temperature, resilient material. 

First ply 320 is an outer ply which overlies second 
ply 322 which is an inner ply. Outer ply 320 is nested 
together with inner ply 322 so that their opposing 
surfaces are in intimate contact at their interfaces 
therebetween. Outer ply 320 is in fluid contact with a 
low pressure fluid, inner ply 322, on the other hand, is 
in fluid contact with a high pressure fluid for pressure- 
energizing sealing ring 310. inner ply 322 has a first 
or interior surface 324 which is subjected to the high 
pressure fluid for pressure -energizing sealing ring 310, 
while outer ply 320 has a second or exterior surface 326 
which is subjected to the low pressure fluid. Thus, 
sealing ring 310 is an internally pressurized seal. i.e.. 
the high pressure fluid being sealed exerts a radially 
outwardly extending force on sealing ring 310. 

Bight portion 312 includes a convolution 330 
interconnected through first and second bends or curved 
sections 332 and 334 to leg portions 314 and 316. 
respectively. While convolution 330 is illustrated as 
having its legs substantially parallel, it will be 
apparent to those skilled in the art that the legs of 
convolution 330 can be converging as they approach curved 
seconds 332 and 334. Accordingly, sealing ring 310 has 
an E-shaped profile when viewed in longitudinal cross- 
section. It will be apparent to those skilled in the art 
that bight portion 312 can have multiple convolutions 
similar to the sealing ring disclosed in U.S. Patent No. 



- 22 



5,249,814 to Hailing, which is hereby incorporated herein 
by reference. 

Bight portion 312 is designed so that it does not 
engage the components being sealed. Accordingly, bight 
portion 312 is free to deflect inwardly to lower any 
localized stress within bight portion 312. In other 
words, the stress in bight portion 312 is more uniformly 
distributed since bight portion 312 does not contact the 
components being sealed. Moreover, since bight portion 
312 has substantially smooth curves, there is no single 
point of bending with high localized stress. 

Leg portions 314 and 316 are substantially 
identical, except that leg portion 314 is a mirror image 
of leg portion 316. Leg portion 314 includes a 
substantially straight planar section 340 extending from 
one end of bight portion 312, and a curved section 342 
extending from planar section 340 to a free end 344. 
Curved section 342 includes a curved sealing surface 346 
for engaging one of the components (not shown) being 
sealed to form an annular fluid- tight seal therebetween. 

Likewise, second leg portion 316 includes a 
substantially straight planar section 350 extending from 
one end of bight portion 312, and a curved section 352 
extending from planar section 350 to a free end 354. 
Curved section 352 includes an annular sealing surface 
356 for engaging the other of the components (not shown) 
being sealed to form an annular fluid- tight seal 
therebetween . 

Preferably, planar sections 340 and 350 in their 
unstressed state converge slightly towards each other as 
they extend away from bight portion 312 to assist in 
maintaining the two plies 320 and 322 together. Of 
course, in other embodiments of the invention (not 
illustrated) planar portions 34 0 and 350 could be formed 
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such that in their unstressed state, planar portions 340 
and 350 would be either parallel or diverging depending 
on the desired application. This would result in bight 
portion 312 having a curvature of approximately 180° or 
less that 180°. Also, planar portions 340 and 350 can be 
crowned inwardly as in one of the embodiments disclosed 
below. The interior surfaces of planar sections 340 and 
350 are coextensive with the interior surface of bight 
portion 312 to form a substantially smooth interior 
surface. 

Curved sections 342 and 352 extend through an arc of 
at least approximately 180° and preferably slightly larger 
than 180° so that curved sealing surfaces 346 and 356 
fully engage the components (not shown) being sealed to 
form a pair of annular seals therebetween. The very ends 
of curved sections 342 and 352 can have a short planar 
section as seen in the drawings or can continue to be 
curved to the free ends 344 and 354. 

Outer ply 320 adds strength to sealing ring 310, but 
is not in fluid engagement with the high pressure fluid 
being constrained by sealing ring 310. Optionally, a 
plurality of cutouts such as slots 358 can be provided to 
provide additional flexibility along leg portions 314 and 
316. Slots 358 aid in constructing and installing 
sealing ring 310. Slots 358 are preferably evenly spaced 
about the circumference of sealing ring 310, and are 
positioned on both first and second leg portions 314 and 
316 along planar sections 340 and 350 and curved sections 
332 and 352. For example, in Figure 1, eight slots 358 
are illustrated on each of the leg portions 314 and 316 
with only leg portion 314 being shown in Figure 1. 

While in this embodiment, two plies 320 and 322 are 
illustrated in intimate surface contact at their 
interfaces therebetween, a layer of auto -dampening 
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material may be disposed between the plies. Also, while 
the illustrated embodiment has only two plies, additional 
plies may be employed, or the two plies may be 
substituted for a single ply as discussed below. 
Moreover, plies 320 and 322 can be the same thickness as 
shown, or different thicknesses as needed and/or desired. 

In addition, plies 320 and 322 can be made of 
materials having either the same or different 
characteristics and/or compositions. For example, 
materials may be selected to provide desired expansion 
characteristics for a particular sealing application, the 
individual plies may be made of different materials to 
provide a sealing ring having greater corrosion 
resistance on one side and more desirable mechanical 
properties on the other side. 

Also, as will be apparent from the other embodiments 
disclosed herein, bight portion 312 can be modified to be 
an externally pressurized type seal as discussed below. 
This embodiment can be coated with a smearable plating of 
a soft metallic material such as nickel, lead, silver or 
any other suitable material. Although in this embodiment 
and most multi-ply versions of the invention, the sealing 
surfaces of the sealing ring would either be bare or a 
hard wear resistant coating such as TRIBALOY^ would be 
applied thereto in a conventional manner such as by a 
spraying process. 

Embodiment of Figure 7 

Referring now to Figure 7, a two-ply sealing ring 
410 is illustrated in accordance with a fifth embodiment 
of the present invention. Sealing ring 410 is 
substantially identical to sealing ring 10, except that 
planar sections 40 and 50 of sealing ring 10 have been 
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modified to be crowned. Thus, sealing ring 410 will not 
be discussed or illustrated in detail herein* 

Sealing ring 410 is an internally pressure -energized 
sealing ring, and includes an annular bight portion 412, 
a first annular leg portion 414 extending from one end of 
bight portion 412, and a second annular leg portion 416 
extending from the other end of bight portion 412. 

Sealing ring 410 is constructed of two plies or 
annular members 420 and 422 made of a resilient, metallic 
material. Each ply is preferably approximately 0.005 
inch thick. Of course, any suitable thickness from a 
manufacturing or contact load standpoint can be utilized. 
The metallic material of plies 420 and 422 can be 
constructed as any high, temperature resilient material 
such as an INCONEL , WASP ALLOY or any high temperature 
stainless steel, as well as any newly developed high 
temperature, resilient material. 

First ply 420 is an outer ply which overlies second 
ply 422 which is an inner ply. Outer ply 420 is nested 
together with inner ply 422 so that their opposing 
surfaces are in intimate contact at their interfaces 
therebetween. Outer ply 420 is in fluid contact with a 
low pressure fluid. Inner ply 422, on the other hand, is 
in fluid contact with a high pressure fluid for pressure - 
energizing sealing ring 410. Inner ply 422 has a first 
or interior surface 424 which is subjected to the high 
pressure fluid for pressure -energizing sealing ring 410, 
while outer ply 420 has a second or exterior surface 426 
which is subjected to the low pressure fluid. Thus, 
sealing ring 410 is an internally pressurized seal, i.e., 
the high pressure fluid being sealed exerts a radially 
outwardly extending force on sealing ring 410. 

Bight portion 412 is shaped as a partial circle when 
viewed in longitudinal cross - section and extends through 
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an arc of at least approximately 180° and preferably in 
the range of approximately 190° to approximately 220°. 
For example, the bight portion can extend through an arc 
of approximately 212.66°. Bight portion 412 is designed 
so that it does not engage the components being sealed 
when installed. Accordingly, bight portion 412 is free 
to deflect inwardly to lower any localized stress within 
bight portion 412. In other words, the stress in bight 
portion 412 is more uniformly distributed since bight 
portion 412 does not contact the components being sealed. 
Moreover, since bight portion 412 is a substantially 
smooth arc, there is no single bending point with high 
localized stress. 

Leg portions 414 and 416 are substantially 
identical, except that leg portion 414 is a mirror image 
of leg portion 416. Leg portion 414 includes a first 
inwardly curved section 440 extending substantially 
tangentially from one end of bight portion 412, and a 
second outwardly curved section 442 extending 
substantially tangentially from first curved section 440 
to a free end 444. Thus, the transitions between bight 
portion 412 and first curved section 440 and between 
first curved section 440 and second curved section 442 
are preferably substantially smooth, i*e., without any 
flat sections therebetween as manufacturing capabilities 
allow. Second curved section 442 includes a curved 
sealing surface 446 for engaging one of the components 
being sealed to form an annular fluid -tight seal 
therebetween . 

Likewise, second leg portion 416 includes a first 
inwardly curved section 450 extending substantially 
tangentially from one end of bight portion 412, and a 
second outwardly curved section 452 extending 
substantially tangentially from first curbed section 450 
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to a free end 454. Thus, the transitions between bight 
portion 412 and first curved section 450 and between 
first curved section 450 and second curved section 452 
are preferably substantially smooth, i.e., without any 
flat sections therebetween as manufacturing capabilities 
allow. Second curved section 452 includes an annular 
sealing surface 456 for engaging the other component 
being sealed to form an annular fluid- tight seal 
therebetween. 

preferably, first curved sections 440 and 450 in 
their unstressed state converge slightly towards each 
other slightly as they extend away from bight portion 
412. The interior surfaces of curved sections 440 and 
450 are coextensive with the interior surface of bight 
portion 412 to form a substantially smooth interior 
surface. 

Second curved sections 442 and 452 extend through an 
arc of approximately 180° and preferably slightly larger 
than 180° so that curved sealing surfaces 446 and 456 
fully engage the components to form a pair of annular 
seals therebetween. The very ends of curved sections 442 
and 452 can have a short planar section as seen in the 
drawings or can continue to be curved to the free ends 
444 and 454. 

outer ply 420 adds strength to sealing ring 410, but 
is not in fluid engagement with the high pressure fluid 
being constrained by sealing ring 10. Optionally, a 
plurality of cutouts such as slots (not shown) can be 
provided to provide additional flexibility along leg 
portions 414 and 416. 

While in this embodiment, two plies 420 and 422 are 
illustrated in intimate surface contact at their 
interfaces therebetween, a layer of auto -dampening 
material may be disposed between the plies. Also, while 
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the illustrated embodiment has only two plies, additional 
plies may be employed, or the two plies may be 
substituted for a single ply as discussed herein. 
Moreover, plies 420 and 422 can be the same thickness as 
shown, or different thicknesses as needed and/or desired. 

In addition, plies 420 and 422 can be made of 
materials having either the same or different 
characteristics and/or compositions. For example, 
materials can be selected to provide desired expansion 
characteristics for a particular sealing application, the 
individual plies can be made of different materials to 
provide a sealing ring having greater corrosion 
resistance on one side and more desirable mechanical 
properties on the other side. 

Embodiment of Figure 8 

Referring now to Figure 8, a two-ply sealing ring 
510 is illustrated in accordance with a sixth embodiment 
of the present invention. This embodiment is 
substantially identical to sealing ring 10 except that 
planar sections 40 and 50 of the sealing ring 10 has been 
eliminated in sealing ring 510. Thus, sealing ring 510 
will not be discussed or illustrated in detail herein. 

Sealing ring 510 is an internally pressure -energized 
sealing ring, and includes an annular bight portion 512, 
a first annular leg portion 514 extending from one end of 
bight portion 512, and a second annular leg portion 516 
extending from the other end of bight portion 512. 

Sealing ring 510 is constructed of two plies or 
annular members 520 and 522 made of a resilient, metallic 
material. Each ply is preferably approximately 0.005 
inch thick. Of course, any suitable thickness from a 
manufacturing or contact load standpoint can be utilized. 
The metallic material of plies 520 and 522 can be 
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constructed as any high, temperature resilient material 
such as an INCONEL, WASPALLOY or any high temperature 
stainless steel, as well as any newly developed high 
temperature, resilient material. 

First ply 520 is an outer ply which overlies second 
ply 522 which is an inner ply- Outer ply 520 is nested 
together with inner ply 522 so that their opposing 
surfaces are in intimate contact at their interfaces 
therebetween. Outer ply 520 is in fluid contact with a 
low pressure fluid. inner ply 522, on the other hand, is 
in fluid contact with a high pressure fluid for pressure - 
energizing sealing ring 510. Inner ply 522 has a first 
or interior surface 524 which is subjected to the high 
pressure fluid for pressure -energizing sealing ring 510, 
while outer ply 520 has a second or exterior surface 526 
which is subjected to the low pressure fluid. Thus, 
sealing ring 510 is an internally pressurized seal, i.e., 
the high pressure fluid being sealed exerts a radially 
outwardly extending force on sealing ring 510. 

Bight portion 512 is shaped as a partial circle when 
viewed in longitudinal cross -section as seen in Figure 8. 
Bight portion 512 extends through an arc of approximately 
180° and preferably in the range of approximately 190° to 
approximately 220°. For example, the bight portion can 
extend through an arc of approximately 212.66°. Bight 
portion 512 is designed so that it does not engage the 
components (not shown) being sealed. Accordingly, bight 
portion 512 is free to deflect inwardly to lower any 
localized stress within bight portion 512. in other 
words, the stress in bight portion 512 is more uniformly 
distributed since bight portion 512 does not contact the 
components being sealed. Moreover, since bight portion 
512 is a substantially smooth arc, there is no single 
bending point with high localized stress. 
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Leg portions 514 and 516 are substantially 
identical, except that leg portion 514 is a mirror image 
of leg portion 516. Leg portion 514 includes a curved 
section 542 extending substantially tangentially from 
bight portion 512 to a free end 544- Curved section 542 
includes a curved sealing surface 546 for contacting one 
of the components being sealed to form an annular fluid - 
tight seal therebetween. 

Likewise, second leg portion 516 includes a curved 
section 552 extending substantially tangentially from 
bight portion 512 to a free end 554- Curved section 552 
includes an annular sealing surface 556 for contacting 
one of the components being sealed to form an annular 
fluid- tight seal therebetween- 
Curved sections 542 and 552 extend through an arc of 
approximately 180° and preferably slightly larger than 
180° so that curved sealing surfaces 546 and 556 fully 
engage the components being sealed to form a pair of 
annular seals therebetween. The very ends of curved 
sections 542 and 552 can have a short planar section as 
seen in the drawings or can continue to be curved to the 
free ends 544 and 554. 

Outer ply 520 adds strength to sealing ring 510, but 
is not in fluid engagement with the high pressure fluid 
being constrained by sealing ring 510. Optionally, a 
plurality of cutouts such as slots (not shown) can be 
provided to provide additional flexibility along leg 
portions 514 and 516 as needed. 

While in this embodiment, two plies 520 and 522 are 
illustrated in intimate surface contact at their 
interfaces therebetween, a layer of auto -dampening 
material may be disposed between the plies. Also, while 
the illustrated embodiment has only two plies r additional 
plies may be employed, or the two plies may be 
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substituted for a single ply as discussed 

Moreover, plies 520 and 522 can be the same thxcKnes as 

shown, or different thicknesses as ^ 

in addition, plies 520 and 522 can be made of 
materials having either the same or different 
characteristics and/or compositions- For example, 
trials can be selected to provide desired expansion 
7Z cteristics for a particular sealing 
individual plies can be made of different materxals to 
provide a sealing ring having greater c °~ osi ° n 
resistance on one side and more desirable mechanical 

properties on the other side e^diments 

Also, as will be apparent from the otner emo 
disclosed herein, bight portion 512 can be made with 
multiple convolutions as will be discussed below and can 
2 modified to be an externally pressurized type seal as 
discussed above. This embodiment can be coated with 
hard wear resistant coating such as TRIBALOY*. 

Kmhodimer *- " f Figure 9 

Re£erring to Figure 9. a single ply sealing ring 610 

in accordance with a sevens embodiment of the 
illustrated. Sealing ring 610 is substantially identical 
to sealing ring 510. except that a single ply is utilized 
instead of a double ply. Thus, sealing ring 610 will not 
be discussed or illustrated in detail herein. . 

sealin, ring 610 is an internally pressure-energised 
sealing ring, and includes an annular bight portion 612. 
Hirst annular leg portion 614 extending fro. one end of 
bight portion 612. and a second annular leg portion 616 
extending from the other end of bight portion 612 

Sealing ring 610 is constructed of a single ply 
made of a resilient, metallic material. Ply is 
preferably approximately 0.010 inch thick, of course. 
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any suitable thickness from a manufacturing or contact 
load standpoint can be utilized. The metallic material 
of ply 622 can be constructed as any high, temperature 
resilient material such as an INCONEL, WASPALLOY or any 
high temperature stainless steel, as well as any newly 
developed high temperature, resilient material. 

Ply 622 has a first or interior surface 624 which is 
subjected to the high pressure fluid for pressure - 
energizing sealing ring 610, and a second or exterior 
surface 626 which is subjected to the low pressure fluid. 
Thus, sealing ring 610 is an internally pressurized seal, 
i.e.. the high pressure fluid being sealed exerts a 
radially outwardly extending force on sealing ring 610. 

Bight portion 612 is shaped as a partial circle when 
viewed in longitudinal cross -section as seen in Figure 9. 
Bight portion 612 extends through an arc of approximately 
180° and preferably in the range of approximately 190° to 
approximately 220°. For example, the bight portion can 
extend through an arc of approximately 212.66°. Bight 
portion 612 is designed so that it does not engage the 
components (not shown) being sealed. Accordingly, bight 
portion 612 is free to deflect inwardly to lower any 
localized stress within bight portion 612. In other 
words, the stress in bight portion 612 is more uniformly 
distributed since bight portion 612 does not contact the 
components being sealed. Moreover, since bight portion 
612 is a substantially smooth arc, there is no single 
bending point with high localized stress. 

Leg portions 614 and 616 are substantially 
identical, except that leg portion 614 is a mirror image 
of leg portion 616. Leg portion 614 includes a curved 
section 642 extending substantially tangentially from 
bight portion 612 to a free end 644. Curved section 642 
includes a curved sealing surface 646 for contacting one 
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of the components being sealed to form an annular fluid- 
tight seal therebetween. 

Likewise, second leg portion 616 includes a curved 
section 652 extending substantially tangentially from 
bight portion 612 to a free end 654. Curved section 652 
includes an annular sealing surface 656 for engaging one 
of the components being sealed to form an annular fluxd- 
tight seal therebetween. 

curved sections 642 and 652 extend through an arc of 
at least approximately 180° and preferably slightly larger 
than 180° so that curved sealing surfaces 646 and 656 
fully engage the components being sealed to form a pair 
of annular seals therebetween. The very ends of curved 
sections 642 and 652 can have a short planar section as 
seen in the drawings or can continue to be curved to the 

free ends 644 and 654. 

in this embodiment sealing ring 610 is preferably 
coated with a layer of a smearable plating (not shown) of 
a soft metallic material such as nickel, lead, silver or 
any other suitable material. The smearable plating is 
preferably applied over the entire surface of sealing 
ring 610 by bath plating. However, the smearable plating 
can be applied just to annular sealing surfaces 646 and 
656. The smearable plating is designed to deform or flow 
into any imperfections in the components (e.g. the pipe 
flanges) being sealed, when the sealing ring 610 is 
properly installed. 

Embodiment of Figure 10 

Referring now to Figure 10, a two-ply convolution 
type sealing ring 710 in accordance with an eighth 
embodiment of the present invention is illustrated. 
Sealing ring 710 is substantially identical to sealing 
ring 310 except that the planar sections 340 and 356 of 
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sealing ring 310 have been eliminated in sealing ring 
710, Thus, sealing ring 710 will not be discussed or 
illustrated in detail herein. 

Sealing ring 710 is an internally pressure-energized 
sealing ring, and includes an annular bight portion 712, 
a first annular leg portion 14 extending from one end of 
bight portion 712 , and a second annular leg portion 716 
extending from the other end of bight portion 712. 

Sealing ring 710 is constructed of two plies or 
annular members 720 and 722 made of a resilient, metallic 
material. Each ply is preferably approximately 0.005 
inch thick. Of course, any suitable thickness from a 
manufacturing or contact load standpoint can be utilized. 
The metallic material of plies 720 and 722 can be 
constructed as any high, temperature resilient material 
such as an INCONEL, WASPALLOY or any high temperature 
stainless steel, as well as any newly developed high 
temperature, resilient material. 

First ply 720 is an outer ply which overlies second 
ply 722 which is an inner ply. Outer ply 720 is nested 
together with inner ply 722 so that their opposing 
surfaces are in intimate contact at their interfaces 
therebetween. Outer ply 720 is in fluid contact with a 
low pressure fluid. Inner ply 722, on the other hand, is 
in fluid contact with a high pressure fluid for pressure - 
energizing sealing ring 710. Inner ply 722 has a first 
or interior surface 724 which is subjected to the high 
pressure fluid for pressure -energizing sealing ring 710, 
while outer ply 720 has a second or exterior surface 726 
which is subjected to the low pressure fluid. Thus, 
sealing ring 710 is an internally pressurized seal, i.e., 
the high pressure fluid being sealed exerts a radially 
outwardly extending force on sealing ring 710. 
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Bight portion 712 includes a convolution 730 
interconnected through first and second bends or curved 
sections 732 and 734 to leg portions 714 and 716, 
respectively. Accordingly, sealing ring 710 has an E- 
shaped profile when viewed in longitudinal cross -section. 
It will be apparent to those skilled in the art that 
bight portion 712 can have multiple convolutions similar 
to the sealing ring disclosed in U.S. Patent No. 
5,249,814 to Hailing. 

Leg portions 714 and 716 are substantially 
identical, except that leg portion 714 is a mirror image 
of leg portion 716. Leg portion 714 includes a curved 
section 742 extending substantially tangentially from 
bight portion 712 to a free end 744. Curved section 742 
includes a curved sealing surface 746 for contacting one 
of the components being sealed to form an annular fluid- 
tight seal therebetween. 

Likewise, second leg portion 716 includes a curved 
section 752 extending substantially tangentially from 
bight portion 712 to a free end 754. Curved section 752 
includes an annular sealing surface 756 for engaging the 
other component being sealed to form an annular fluid - 
tight seal therebetween. 

Curved sections 742 and 752 extend through an arc of 
at least approximately 180° and preferably slightly larger 
than 180° so that curved sealing surfaces 74 6 and 756 
fully engage the components being sealed, respectively, 
to form a pair of annular seals therebetween. The very 
ends of curved sections 74 2 and 752 can have a short 
planar section as seen in the drawings or can continue to 
be curved to the free ends 744 and 754 . 

Outer ply 720 adds strength to sealing ring 710, but 
is not in fluid engagement with the high pressure fluid 
being constrained by sealing ring 710. 
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While in this embodiment, two plies 720 and 722 are 
illustrated in intimate surface contact at their 
interfaces therebetween, a layer of auto - dampening 
material may be disposed between the plies. Also, while 
the illustrated embodiment has only two plies, additional 
plies may be employed, or the two plies may be 
substituted for a single ply as discussed below. 
Moreover, plies 720 and 722 can be the same thickness as 
shown, or different thicknesses as needed and/or desired. 

in addition, plies 720 and 722 can be made of 
materials having either the same or different 
characteristics and/or compositions. For example, 
materials can be selected to provide desired expansion 
characteristics for a particular sealing application, the 
individual plies may be made of different materials to 
provide a sealing ring having greater corrosion 
resistance on one side and more desirable mechanical 
properties on the other side. 

Also, as will be apparent from the other embodiments 
disclosed herein, bight portion 712 can be modified to be 
an externally pressurized type seal as discussed below. 
This embodiment can be coated with a smear plating of a 
soft metallic material as discussed above. 

While various embodiments have been chosen to 
illustrate the invention, it will be understood by those 
skilled in the art that various changes and modifications 
can be made herein without departing from the scope of 
the invention as defined in the appended claims. 
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WI^T TS CI -ETMED IS: „_ r 1»iM- 

~ A pressure-energized sealing ring, comprising. 

an annular bight portion having a first 
substantially smooth surface adapted to be in fluid^ 
contact with a first high pressure fluid, and a second 
Z ace adapted to be in fluid contact with a second ow 
pressure fluid of a lower pressure than the first fluid. 

a first annular leg portion extending from one end 
of said bight portion to a first free end thereof, and 
Having a first substantially smooth surface extending 
coextensively from said first surface of said bight 
Porc"n to said first free end of said first le, portion, 
^d a second surface extending from said second surface 
of said bight portion to said first free -*£"^ iwa 

first leg portion, said first leg portion having a curved 
e="on forming a first annular sealing 

first surface of said first leg portion with said first 

free end of said first le, portion being in fluid contact 

with the second low pressure fluid; and 

a second annular leg portion extending from the 
other end of said bight portion to a second free end 
thereof, and having a first substantially smooth s urface 
extending coextensively from said f irst surface of said 
bight portion to said second free end of said first leg 
portion, and a second surface extending from said second 
surf Ice of said bight portion to said second free end of 

si! second le, portion, said second le, 
curved section forming a second annular sealing surface 
on said first surface of said second leg portion with 
eel* second free end of said second le, portion being in 
fluid contact with the second low pressure fluid. 
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2. A pressure -energized sealing ring according to 
claim 1, wherein 

said annular bight portion extends through an arc of 
approximately 180°. 

3. A pressure -energized sealing ring according to 
claim 1, wherein 

said curved sections of said first and second leg 
portions extend through an arc of approximately 180° • 

4. A pressure -energized sealing ring according to 
claim 1, wherein 

each of said first and second leg portions includes 
a substantially planar portion extending between said 
bight portion and said curved sections, respectively. 

5. A pressure -energized sealing ring according to 
claim 4, wherein 

said bight portion is shaped as a partial circle 
when viewed in longitudinal cross -section, and which 
extends approximately 180°. 

6. A pressure-energized sealing ring according to 
claim 5, wherein 

said curved sections of said first and second leg 
portions are shaped as partial circles when viewed in 
longitudinal cross - section, and which extend 
approximately 180°. 
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7. A pressure -energized sealing ring according to 
claim 6, wherein 

said planar sections of said first and second leg 
portions converge towards each other as they extend away 
from said bight portion, 

8. A pressure -energized sealing ring according to 
claim 7, wherein 

said bight portion, said first leg portion and said 
second leg portion are formed of outer and inner annular 
plies nested together such that said outer ply forms said 
second surfaces of said bight portion and said leg 
portions and said inner ply forms said first surfaces of 
said bight portion and said leg portions. 

9. A pressure -energized sealing ring according to 
claim 8, wherein 

said outer and inner annular plies are in intimate 
surface contact at an interface therebetween. 

10. A pressure -energized sealing ring according to 
claim 8, wherein 

said outer ply has a plurality of cutouts along said 
curved sections. 

11. A pressure-energized sealing ring according to 
claim 10, wherein 

said cutouts extend from said curved sections to 
said planar sections of said leg portions. 



40 - 



12. A pressure -energized sealing ring according to 
claim 1, wherein 

said bight portion, said first leg portion and said 
second leg portion are formed of outer and inner annular 
plies nested together such that said outer ply forms said 
second surfaces of said bight portion and said leg 
portions and said inner ply forms said first surfaces of 
said bight portion and said leg portions. 

13. A pressure -energized sealing ring according to 
claim 12, wherein 

said outer and inner annular plies are constructed 
from metallic materials having different properties from 
each other. 

14. A pressure -energized sealing ring according to 
claim 1, wherein 

at least said first and second sealing surfaces are 
coated with a smearable plating material. 

15. A pressure -energized sealing ring according to 
claim 1, wherein 

said first surface of said bight portion is exposed 
towards the center of said sealing ring. 

16. A pressure -energized sealing ring according to 
claim 1, wherein 

said second surface of said bight portion is exposed 
towards the center of said sealing ring. 
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17. A pressure -energized sealing ring according to 
claim 1, wherein 

said bight portion is defined by at least one 
convolution with a pair of curved portions extending 
between said first and second leg portions, 

18. A pressure -energized sealing ring according to 
claim 17, wherein 

said bight portion, said first leg portion and said 
second leg portion are formed of outer and inner annular 
plies nested together such that said outer ply forms said 
second surfaces of said bight portion and said leg 
portions and said inner ply forms said first surfaces of 
said bight portion and said leg portions. 

19. A pressure -energized sealing ring according to 
claim 17, wherein 

each of said first and second leg portions includes 
a substantially planar portion extending between said 
bight portion and said curved sections, respectively- 

20. A pressure -energized sealing ring according to 
claim 19, wherein 

said bight portion is shaped as a partial circle 
when viewed in longitudinal cross -section, and which 
extends approximately 180°. 

21. A pressure -energized sealing ring according to 
claim 20, wherein 
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said planar sections of said first and second leg 
portions converge towards each other as they extend away 
from said bight portion. 

22. A pressure -energized sealing ring according to 
claim 21 , wherein 

said bight portion, said first leg portion and said 
second leg portion are formed of outer and inner annular 
plies nested together such that said outer ply forms said 
second surfaces of said bight portion and said leg 
portions and said inner ply forms said first surfaces of 
said bight portion and said leg portions - 

23. A pressure -energized sealing ring according to 
claim 22, wherein 

said outer and inner annular plies are in intimate 
surface contact at an interface therebetween. 

24. A pressure -energized sealing ring according to 
claim 17, wherein 

said first surface of said bight portion is exposed 
towards the center of said sealing ring. 

25. A pressure -energized sealing ring, comprising: 

an inner annular ply having an inner bight portion, 
a first inner leg portion extending from one end of said 
inner bight portion to a first free end thereof; and a 
second inner leg portion extending from the other end of 
said inner bight portion to a second free end thereof, 
said first and second inner leg portions having first and 
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second bent sections, with first and second annular 
sealing surfaces, respectively; and 

an outer annular ply overlying and nested with said 
inner annular ply, and having an outer bight portion, a 
first outer leg portion extending from one end of said 
outer bight portion to a third free end thereof, and a 
second outer leg portion extending from the other end of 
said outer bight portion to a fourth free end thereof, 
said first and second outer leg portions having first and 
second bent sections in intimate contact with said first 
and second bent sections of said inner leg portions to 
securely couple said inner and outer annular plies 
together, said first, second, third and fourth free ends 
being positioned between said annular bight portions and 
said annular sealing surfaces so that said free ends are 
exposed to a low pressure fluid engaging said outer ply. 

26. A pressure-energized sealing ring according to 
claim 25, wherein 

said annular inner and outer bight portions extend 
through an arc of approximately 180°. 

27. A pressure-energized sealing ring according to 
claim 25, wherein 

each of said bent sections are curved and extend 
through an arc of approximately 180°. 

28. A pressure-energized sealing ring according to 
claim 27, wherein 
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each of said leg portions includes a substantially 
planar portion extending between their corresponding said 
bight portions and said bent sections, respectively. 

29. A pressure -energized sealing ring according to 
claim 28, wherein 

said outer and inner annular plies are in intimate 
surface contact at an interface therebetween. 

30. A pressure -energized sealing ring according to 
claim 29, wherein 

said outer ply has a plurality of cutouts along said 
bent sections of said outer ply. 

31. A pressure- energized sealing ring according to 
claim 26, wherein 

said outer bight portion is exposed towards the 
center of said sealing ring. 

32. A pressure -energized sealing ring according to 
claim 26, wherein 

said inner bight portion is exposed towards the 
center of said sealing ring. 

33. A pressure -energized sealing ring according to 
claim 26 , wherein 

said bight portions are defined by at least one 
convolution with a pair of curved portions extending 
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between their corresponding said first and second leg portions. 

34. A pressure-energized sealing ring according to claim 33, wherein 

each of said leg portions includes a substantially planar portion extending between 
their corresponding said bight portions and said bent sections, respectively. 

35. A pressure-energized sealing ring according to claim 25, wherein 

each of said bent sections is curved outwardly to form a convex sealing surface, 

and 

each of said leg portions includes an inwardly curved section between 
corresponding said bent sections and corresponding said bight portions. 

36. A pressure-energized sealing ring substantially as hereinbefore described with 
reference to any one of the accompanying figures. 
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